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IMPACT-OF DDT SPRAYING ON MALARIA TRANSMISSION IN DIFFERENT 
AREAS OF JAVA WHERE THE VECTOR A. ACONITUS IS RESISTANT TO .DDT 
Di Jat3a dun Bali vektor utama yang berperanan terhadap transmissi penyakit adalah A. aconitus 
yang berkembang biak dipersawahan dun A. sundaicus yang berkembang biak diair payau. Resistensi 
A. aconitus terhadap dieldrin mulai timbul pada tahun 1959 (Subah, Jawa Tengah) dun mulai tahun 
1962 juga resistent terhadap DDT (double resistent). Resistensi terhadap DDT dari tahun ketahun 
makin meluas didaerah pedalaman di Jawa Tengah bahkan meluas sampai dipedalamn Jawa Timur 
yang berbatasan dengan Jawa Tengah. Karena DDT masih merupakan racun serangga yang paling 
murah untuk program pemberantasan malaria, maka dilaksanakun percobaan untuk mengetahui 
sampai berapa jauh manfaat penyemportan dengan DDT didaerah ditnuna vektomya telah resistent 
terhadap racun serangga tersebut. Penelitian dilaksanakan didua daerah di kabupaten'Magetan Jawa 
Timur dan Kabupaten Bantul, Yogyakarta. 
Hasil penelitian yang diperoleh di Magetan baik dari hasil parasite survey, case detection, maupun 
pengamatan entomologi menunjukkan bahwa tejadi kenaikan jumlah penderita. 
Kenaikan P.R. dun S.P.R. didaerah yang tidak disemprot jauh lebih besar daripada daerah yang 
disemprot. Di Bantul terjadi penurunan jumlah penderita baru yang meyakinkan di 'daerah yang di- 
semprot (323 pada tahun 1972 menjadi 75 pada tahun 1973). 
Dan hasil yang dicapai terlihat bahwa meskipun vektor telah resistent terhadap DDT masih ada 
effek dari penyemportan berupa penurunan "manlvector contact", "indoor resting" dan umur 
nyamuk pendek yang mempengaruhi "basic reproduction rate" dari penyakit malaria Di Magetan 
dimana manusia dun hewan tinggal dalam bangunan yang sama, hasilnya dapat diharapkan akan kecil 
bila dibandingkan dengan Yogyakarta, dimana hewan tinggal dikandang terbuka yang terpisah jauh. 
Penghapusan terhadap DDT yang telah disemprotkan di Magetan juga cukup berarti terutama di rurnah- 
rumah yang bagus. Faktor-faktor ini dapat menerangkan mengapa hasil yang kurang baik di Magetan. 
Dengan demikian dapat disimpulkan bahwa situasi setempat kiranya menyebabkan perbedaan hasil 
ini. Ditempat dimana hewan ditaruh terpisah dari manusia, perubahan kecil dari manlvector contact 
sudah cukup untuk mengurangi penularan. Sebaliknya ditempat dimana hewan dun rnanusia tinggal 
pada tempat yang berdekatan, perobahan man/vector contact tidak cukup untuk memberikan 
pengurangan terhadap penularan. Pada keadaan yang demikian perlu dipakai racun serangga lain yang 
mengakibatkan kematian yang tinggi terhadap vektor. 
In Java there are 2 principal vectors of it breeds in 'the brackish water of the lagoons 
malaria Anopheles aconitus and A. sundaicus. or in the closed mouths of rivers. A. aconitus is 
A. sundaicus is limited to the south coast where the most widely spread vector with its distri- 
bution from the coastal plain at sea level to the 
1. WHO Consultant. Malaria Control programme, In- central plateau up to an altitude of approxi- 
donesia. matelv 1200 m. It is a tv~ical  rice field breeder 
.A 
2. Chief. Malaria Division, Directorate General of which usually .reaches a peak density around Communicable Diseases Control. 
Received 29 May 1975. March - April - May. The species is largely 
~oopliilic and mainly associated with cattle anti 
water buffaloes. It is considered t o  be highly 
exophilic and found mostly resting in hollows 
along stream banks (Sundararaman et  al, 1957). 
Development of resistance to  dieldrin was 
first reported from Subali (Central Java) in 
1959 after 3 years of spraying (6 rounds at  0,5 
g11112). During the period 1962 - 1964 double 
resistance (DDT-dieldrin) was reported fro111 
large areas of Java (Soerono, Davidson ant1 
Muir, 1965). 
A. acorlitzrs is now resistant to  DDT over 
large areas of Central Java including Yogyakarta 
Provice and is spreading t o  tlie east in tlie 
Province of East Java (O'Connor and Arawati, 
1974). The level of resistance is high, 90 per 
cent of susceptibility tests performed in Central 
Java have given less than 50 per cent mortality 
using 4 per cent DDT impregnated papers (sec 
Fig I ) .  
s p d a l  study area in Yogyakarta (Canmi Java) 
A Special study area in Magatan (Em JM). Scale: 115000 000 
Fig I DDT Res~stance In A. aconrtus In Java and loca t~on  of study areas 
Due t o  lack of DDT, spraying was carried 
out on focal basis (kampung size) and results 
were i ~ i c o ~ ~ c l ~ ~ s i v c  so it was therefore decided 
in 1973 to assess tlie impact of DDT by 
covering continuous areas with a population of 
at least 50,000 in each. 
MATERIALS AND METHODS 
Two study areas were selected, one in tllc 
eastern part of Java (Magetan), the other one in 
the central part (Bantul, Yogyik:~l.ta). Selection 
was based on high vector resistance. lligh hci.  
dence and easy accessibility. 
In Magetan it was decided that the basic 
n~etliod to  assess the impact of attack measures 
would be based on serial parasite surveys and 
on the existing limited case detection activities 
In Bantul, Yogyaknrta, where case detectioli 
was adequate and incidence lower, it was 
decided that tlie basic method of assessment 
would be based on surveillance activities (active 
and passive case detections, cpidcmiological in 
vestigations). 
RESULTS 
Magetan (East Java). 
In tlie study protocol it was also stated that (I'anekan) are summarized in the followin? 
"this assessment supported by entomological t:~l,lc 1 and Figure II. 
studies of the components of  the vectorial 
CHANGES IN PARASITE RATE IN AGE GROUP E-9 capacity. Viere are difficulties in application 
I\- Expemd ma of fall of P.R. wlth 0 rwoduction on nt. 
- Sprawl  m a  of Pamkn 
- - - unlpny.d rr. Of PI- 
roo\ 
of entomological techniques but this ento- 80) 
 nol logical approach can still be valuable". BO 
40 Prior to  spraying, each lzouse was numbered a r~d  
sketch maps prepared. Both areas were sprayed 20) 
at 6 nlontllly intervals in January and July. The 
spraying cycle lasted approximately 1 montli. 10 
B Ijfforts were ~nade  t o  ensure the best coverage, 116 
huwcver higher parts of wdls and ceilings were 
.s 
usually not sprayed as extension lances were 1 .. 
not available. It should be noted that during i 
the eradication campaign ( I  950-1965) no 
1 
extension lances were used. The average quan- 0.8 
tity used per house was respectively I kg DDT a 6  
w.p. 75 per cent in bfagetan and 0.8 kg in R4 
Yogyakarta. The rate of application was 7- 
a2- g/n12. 
- .  I he serial parasite surveys carried out respec- Fig. I I. Results of serial parasite surveys in  Magetan 
tively in 1972 and 1973 in the sprayed  are:^ silucial study area (East Java). 
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Table 1 Survey results In Panekan (1972 and 1973) 
-- 
Age No. of sl~des Per cent Paraslte specles 
Date (years) Pos. 
Exam. Pos. F V Mix 
1972 
(end July) 
1973 5-9 2081 178 8.5 54 124 - 
(beg~n Aug.) 10-14 1064 85 7.9 35 50 - 
After 2 cycles D D T  5-14 3145 263 8.3 89 174 - 
I t  can be seen that there has been no decrease 
in the parasite rate but on the contrary an 
increase from 4.4 per cent (7987 ex.) in 1971 
to 8.3 per cent (3145 ex.) in 1973. There has 
also been a significant increase of P. falciparz~m 
cases from 22 in 1972 to 89 in 1973. In the 
catching station tlie situation was similar the 
PR having increased f r o n ~  8.3 (60) t o  16.1 per 
ccnt (56). 
In the unsprayed area the results can be 
sunimari~ed in table 2. 
Tlie increase of the parasite rate is sharper 
than in Panekan, and had survey No. 2 not 
been biased by exclucling village Bogoarurn. t l i ~  
increase would certainly liave been niucll 
higher. In this unsprayed village an outbreaL 
occurred during the seasonal recrudescence 
period May-June 1973 witl) a total ot 240 cases 
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detected (of which 120 in June.). and 1973 was respectively : 
Case detection: Limited surveillance activities Subdistrict 1972 1973 
are given in table 3 and illustrated in Fig. Ill. per cent per cent 
To summarize, the SPR in the Kecamatan (sub- Panekan (sprayed) 3.8 4.3 . " 
districts) during the period January-July 1972 Plaosan (unsprayed) 2.5 7.2 
Table 2 Results in the unsprqyed area of Plaosan (1972 and 1973) 
Age No. of slides Per cent Parasite species 
Date (years) Pos 
Exam. Pos. F V 
1972 5-9 975 3 0.3 2 t 
(end July) . 10-14 1108 6 0.5 3 3 
5-14 2083 9 0.4 5 4 
1973 
(begin Aug.) 
Monthly distribution of positive cases 
Jan. 1972 
- Sprayed area of ~anekan 
t - -  
' 1 ' I I 1  1 ' 1  I 
Jan. 1973 
- - - - -. Unsprayed area of Phosan 
Fig. Ill. Case detection activities in Magetan special study area (East Java). 
It can be seen' that after spraying there has Anyway, both from the serial parasite 1 
been a much steeper increase in the number of surveys and limited surveillance activities it can 1 
cases detected in the unsprayed area than in the be seen that DDT has not prevented the ! 
sprayed one (this is due partly to better case seasonal recrudescence in the sprayed area I 
detection in Plaosan). (Panekan) but there has been a . higher increase i 
J. VERDRAGER & ARWATI. 
I Table 3 Results of case detection in Panekan and Plaosan. East Java (1972-19731 Panekan (sprayed) Plaosan (unsprayed) 1 I Month SPR Species SPR Species Exam. Pos, per cent Exam. Pos. f. V. f. v. per cent 
1 Subtotal 
I ! before spray 3934 153 3.8 
Total: 
1972 5982 180 3.0 73 107 6761 170 2.5 62 108 
Subtptal: 
1973 
of cases in the unsprayed area (Plaosan). One 
factor' which seems to. have been determinent in 
the especially marked (but otherwise usual) 
seasonal increase of cases in 1973 is rainfall and 
humidity which was above usual in 1973. 
ERtomological studies. 
Insecticide resistance: The mortality at 4 per 
cent DDT concentration was 21 per cent (78 
spe~imens) in Tandjungsari (Panekan) in Ja- 
nuary 1972. The same degree of resistance was 
found in Bulukarjo 21 per cent (71 specimens) 
at 4 per cent DDT concentration in February 
1972. 
.Man biting rate: The number of mosquitoes 
collected per man/night during the differenct 
months of the study (indoor and outdoor 
human-bait collections, according to the 
movement of the inhabitants) is summarized as 
follows: 
Year M o n t h  
Jan. Feb March April May June July Aug. Sept. Oct. Nov. Dec. 
'1972 - 7 22 52 70 30 13 7 2 1 1 4 
1973 17 63 46 59 92 39 - - - - - - 
period March-June were respectively 21 p e r .  
cent (143 exam.) in 1972 and 18.5 per cent 
Due to the habits of the local population 350 - 
I~uman bait collections were usually carried out 
from 6 pm until 20-21 pm outdoor, then until 3m- 
usually 5 an1 indoor and again outdoor from 5 
to 6 am. Details show that after spraying there 
! has been a decrease in indoor biting but an 
increase in outdoor biting. In other words there !4 1 2 , -  
i was a partial disruption of contact man/vector 
indoors. 1 lowever as a result of especially e 
j favourable conditions in 1973 for the vector 
density and the habit of the population to stay 
IW - 
outdoors from 5 am until 20 or 21 pni, tlie 
MBR lias increased in 1973 despite spraying. 
Results of parous rates subject to  erratic 
changes are difficult t o  explain. 
Results of prccipitin tests for the salne 
--- 
8.nt"l A- (631 exam.) in 1073. This show only a slight 
but not significant reduction because of  the FIg IV .  Indigenous m a l a r ~ a  cases I "  the  specla1 stutly 
sample size. Outlet window traps were tried area The B'intul Regency and  the G. K ~ d u l  Regency 
without success. confirniing previous results (Java) 
(Chow ct  al, 1960). carried out (each k a ~ ~ i p u n g  with 7 indigenous 
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Bantul (Yogyakarta) 
Because of adequate case detection in tlus 
province. evaluation was based on surveillance 
activities. including active case detection, 
passive case detection and epide~niological in- 
vestigat~ons. 
The area under total spraying coverage included 
a population of 60.00 (12,000 houses). Results 
of case detection in different areas of Yogya- 
karta in 1972-1974 and tlie details in the 
special study area during the period 1973-1974 
are given in Table 4 ,  5 and illustrated in Fig. 
IV. 
It can be seen from the above mentioned 
tables and figure that after total coverage in 1973 
in the special study area there has been a 
marked decrease of cases frorn 323  indigenous 
in 1972 to 7 5  in 1973 and 19 for the first 8 
months of  1974, moreover only 4 indigenous 
cases were detected during the period June- 
July-Aug. 1974 which usually concides with 
the yearly seasonal recrudescence peak. All 4 
were P. vivax. The monthly BER was above 1 
per cent. It can also be seen that in Bantul 
Ictgency, where extended focal spraying .was 
,,ISCS). there was also a decrease of cases but 
Icbs marked. while in the practically unsprayed 
Rcgcncy of Gunung Kidul there was an out- 
break in 1973, the number of cases ~ n c r e a s i ~ ~ g  
from 9 8  in 1972 t o  1336 in 1973. 
A WliO susceptibility test was carried out in 
Apnl 1973 in desa Sumberagung of Bantul. the 
mortality at 4 per cent DDT was only 4 per 
cent (1 3 8  specimens). 
Other ento~nological activities were planned 
but for different reasons were not carried out.  
Drug resistance: An unexpected result of this 
study in Bantul was to  reveal the first P. 
jafciparunz infections resistant t o  4-anlino- 
quinolines in Indonesia. These infections were 
suspected to  be resistant because of  repeated 
recrudescences despite radical treatments. All 4 
suspect cases were imported from Kalimantan. 
Two of the 4 patients were submitted to  
carefully controled WHO field tests for P. 
falcipanim strain sensitivity and shown t o  be 
resistant a t  the RI level. There were n o  other 
falcipan~m cases in  the Kanlpungs and contacts 
were all negative, Hepariniied and glyceroly~ed 
blood samples were collected for strain charac- 
terization. Details are given in other reports. 
I 
Follow-LIP o f  o t l ~ e r  imported cases aftcl li'bistancc is absent from Java and Soutll Su- 
radical treatment seems t o  indicate that dru; ~l la t ra .  
Table 4 Results of case detect~on In different areas of Yogyakarta Prov~nce (1972-1973-1974) 
Summary of results of case detection in  1972 
I Spec~al study Bantu1 Regency G. K ldu l  Regency Yogyakarta Prov~nce 
Month 
Exam. Pos. Indig. Exam Pos. Indig. Exam Pos. Indig. Exam. Pos. Indig. 
Jan. 
Fe b 
March 
Apri l  
May 
June 
I July 
Aug. 
Sept. 
Oct. 
N ov. 
Dec. 
Total: 18361 345 323 122960 1863 1694 102502 531 98 443681 3992 2856 
Summary of results o f  case detection in  1973 
I Jan. 826 
Feb. 866 
March 736 
A p r ~ l  741 
: May 954 
June 992 
July 1352 
Aug. 1261 
I Sept. 894 
Oct. 693 
Nov. 648 , 
, Dec. 699 
- - 
Total: 10662 113 75 102248 
Summary o f  results o f  case detection in  1974 (up t o  July) 
Jan. 843 
Feb. 91 3 
March 782 
Apri.1 94 1 
May 1108 
June 954 
July 856 
- 
Subtotal: 
(July) 6397 43 17 60110 556 321 75443 766 222 253398 2529 1094 
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Table 5 Results of case detection in the special study area of ~ o ~ y a k a r t a  I 
Summary of results of case detection in the special study area in 1973 1 1  
Species Clanif ication Age group I 
Month Exam. Pos, 
F V Mix. Ind. Rel. Imp. Uncl. 1 1-4 5-9 10-14 15+ 1 .  
Jan. 826 
Feb. 866 
March 736 
Apri I 741 
May 954 
June 992 
July 1352 
Aug. 1261 
Sept. 894 
Oct. 693 
Nov. 648 
Dec. 699 
Total: 10662 113 58 51 4 75 13 24 1 I ! 1 12 13 12 75 8 
Summary of results of case detection in the special study area in 1974 1 
I 
Species Classification Age group 
Month Exam. Pos. 
F V Mix. Ind. Rel. Imp. Uncl. 1 1-4 5-9 10-14 15+ 1 I 
Jan. 
Feb. 
. March 
April 
May 
June 
July 
Aug. 
DISCUSSION 
A .  akonitus has strong zoophilic and 
exophilic tendencies and transmits an unstable 
type of malaria characterized by regular epide- 
mics (annual seasonal recrudescences) associated 
with the multiplication of breeding places 
during the peak of the rice season. 
DDT is very effective when the mosquito is 
susceptible. On the other hand, on& resistant to 
DOT, mortality becomes negligible after a very 
short time after spraying (2 weeks) as shown by 
Soerono and Muir*. However, there may still be 
some action resulting from the modification of 
* On the other hwd the mortality with malathion was 
still 84% after 4 months. 
the man biting habit (itself resulting from the1 
disruption of manlvector contact) the basic1 
reproduction rate varying with its square.  herd 
may also be a secondaG but not very signi{ 
ficant efffect on longevity due to decrease4 
indoor restingg. 
I In Magetan (special study area of East Java] 
where man and cattle live practically under thd 
same roof the deviation is expected to be mucd 
less than in Yogyakarta where cattle stay in, 
well separated and largkly open cowheds (in a 
group of villages from Yogyakarta area it is was 
also showh that transmission continued among 
people sleep@ in untreated cowsheds). See fi- 
gures V, VI, VII and VIII. 
J. V E R D R A G E R  & ARWATI. - 
MAN AND CATTLE IN THE TWO STUDY AREAS. 
- 
Fig V. In Magetan (East Java) man and cattle live practically under the same roof. (In this houte cattle ~ p ~ n d  ltm 
night indoors in the right side of the house, reparanCEfrorn rrmn only by a thatched fence, one meter high). 
F b  VI. h Yogyakma (Centrd Java) cattle stay in well separated and largely openao cowshedr 
l\ll':\C'I' 0 1 ;  1)I)'I' SI ' I< . \YING O N  L l ~ \ l , . ~ \ I t l . l  I I <  \ \ \ l I l S S I O N  I N  1 ~ l I ~ ' I ~ ' ~ I ~ l ~ : N T  .\ <l.::\SOl*'.I:%V,\ 
\VI lKl tE  'I'IIE V E C T O R  .A. A C ' O Y I I ' U S  IS KESlSrI':\N?. 1'0 U1)'l'. 
SOhlE PACTOI<S WlllCll MAY EXPLAIN SOhll I(I.SIDUAL TRANSMISSION IN YO(;YAKAI(T\. 1 
Fig. V I I .  111 a group o f  vlllages f r o m  Yogyakar ta  area 
~t was shown tha t  transmission con t i nued  among  people 
s leep~ng I n  unt reated cowsheds. 
This p lc ture  shows the space under  the roof  o f  t l iu 
cowshed where in some villages people may sleep at 
night,  t o  prevent the cat t le  being stolen. 
DDT renioval is also more niarked in Ma- 
y ~ .  tan especially in better class liouses wi t l ~  
carved wooden walls. These factors may e x p l a i ~ ~  
the relatively good results obtained in 13an111l 
special study (Yogyakarta) which contrast' with 
the poor results of the Magetan special study 
(East Java). It niust therefore be assumed that 
local conditions are likely to  be mainly respon- 
sible for the difference. 
Where cattle are abundant and kept sepa- 
rated from nlan a relatively minor disruption of 
the contact man/vector may be sufficient t o  
control transmission (there may even be 
anophelism without malaria, especially if the 
niosquito density is low). On the other hancl 
where cattle are scarce and/or living in close 
LL,r~tact with man, the disruption of contact 
with man may be negligible or a t  least in- 
sufficient t o  give a satisfactory control 0 1 '  
transmissi,on. It. is under these cotitlitions tl1:11 
F I ~  V l l l  E p ~ d e ~ n ~ o l o g ~ c a l  Il ivestlgatlons also ~ndlcatc,d 
that  some res~dual  transmlsslon c o n t ~ n u e d  among p e o l ~ l r  
,taylng la te  a t  n ~ g h t  I n  largely open and unsprayed 
lnosques such as thls one C h l ~ d r e n  may  sleep there and 
spend all the  nlght.  
(Mosques are n o t  a l lowed t o  be sprayed) 
:inother insecticide which inflicts a high 
mortality on the vector should be used. 
To delimit such areas for subsequent implc- 
nlentation of an alternative insecticide would 
reflect the wisest policy at  present. Of course 
an alternative insecticide such as malathion, 
would also be liighly effective in areas of  tlie 
Bantu1 type but tlie cost may be prohibitive 
under present econoniic conditions, especially 
considering that tlie programme is a MCP 
without definite time limits. 
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